Abstract In this study, extraction of polyphenols using different solvents (acetone, ethanol, methanol and water) with ultrasound and conventional method from whole mung bean (WMB), hull and cotyledon was conducted. Total phenolic content (TPC), total flavonoids content (TFC), total antioxidant activities (TAA), ferric reducing power (FRP) and DPPH radical scavenging activity were determined. Ultrasound treated extracts exhibited higher TPC, TFC, TAA, FRP and DPPH in different mung bean fractions than CSE. Among the solvents, acetone showed better TPC, TFC, TAA, FRP and DPPH. Hull had significantly higher TPC, TFC, TAA, FRP and DPPH than WMB and cotyledon. Sinapic acid (SA) was the major polyphenol in different fractions. Acetone extract of hull showed high polyphenol content. SA, ferulic acid, catechin, p-coumaric acid, resveratrol, quercetin and luteolin were the major contributors to antioxidant activity of acetone extract. Mung bean hull contained the maximum polyphenols and acetone was observed to be the best extraction medium for polyphenols in combination with ultrasound.
Introduction
Mung bean is a fast-growing, warm-season Indian originated legume belonging to the family Fabaceae which is also known as vigna radiate, green gram, haricot mungo, oregon pea, mungo and chicksaw pea across the globe. The world's 90 % of mung bean is produced by southern and eastern Asian countries followed by Australia, Canada, Southern Europe and Southern United States (Nair et al. 2013; Kim et al. 2015) . Mung bean is not only low price legume, rich source of carbohydrates, protein, essential amino acids, minerals and vitamins but it also contains polyphenols like phenolic acids and flavonoids which are beneficial for curing and preventing major chronical ailments viz. cancer, diabetes, cardiovascular diseases due to their antioxidant properties (Luo et al. 2016; Singh et al. 2016) . The major polyphenols, such as, caffeic acid, syringic acid, chlorogenic acid, ferulic acid and p-coumaric acid are present in mung bean. These compounds are generally linked to cellulose, lignin and protein through ester bonds (Yao et al. 2013) .
The dried seeds of mung bean are consumed either whole or after splitting popularly known as dal or dhal. The splitting of mung bean produces two major milling fractions i.e. cotyledon (75 %) and hull mix (25 % contains seed coat, germ, aleurone layer and plumule). The hull mix is either used as an animal feed or discarded (Girish et al. 2012) . But, hull has a high concentration of polyphenols as compared to cotyledon. So, such bio-waste could be used to extract these polyphenols which can be further used as nutraceuticals to cure various ailments in human, in general or food preservation as a natural antioxidant.
Polyphenols can be degraded during conventional solvent extraction (CSE) method due to high temperature, oxidation conditions and/or longer time, therefore, the proper extraction of these compounds is important. There are number of other techniques like accelerated solvent extraction, microwave-assisted extraction and supercritical fluid extraction, used for extraction of polyphenols from different biomaterials but the best alternative is ultrasound assisted extraction (UAE) due to simplicity, inexpensiveness and higher efficiency (Sahin et al. 2013) . During the ultrasound extraction, the collapsing of acoustic cavitation bubbles releases high energy that accelerates the microstructure breakdown of conjugating bond in phenolic esters, glycosides and bound complexes (Wanga and Zuo 2011) . Although UAE showed better extraction of polyphenols from different biomaterials (Dent et al. 2015; Sahin et al. 2013) , however, the optimization of other variables, such as, type and concentration of solvent, extraction duration, extraction temperature and solvent to solid ratio are also required. Thus, the study of one variable at a time can lead towards wrong conclusion, which can be overcome by studying the multi-variable effects on the response using central composite face centered design (CCFCD) of response surface methodology (RSM). CCFCD not only helps to know the individual or combined effects of the variables but it also helps to get the efficient results with minimum experimental run (Madhujith and Shahidi 2006; Sahin et al. 2013; Ilaiyaraja et al. 2015; Karami et al. 2015) .
Therefore, the aim of this study was to determine the best extraction solvent for polyphenols and to compare UAE method with CSE method for polyphenols distribution in both whole mung bean (WMB) and fractions.
Materials and methods

Materials and reagents
Mung bean (var. SML 668) grains of 2014 harvests were procured. All chemicals were either purchased from HiMedia, Bombay or Merck USA. Ascorbic acid (AA), ferulic acid (FA), p-coumaric acid (p-CoA), caffeic acid (CA), sinapic acid (SA), chlorogenic acid (CHA), quercetin (QE), luteolin (LU), procatechuic acid (PCA), vanillic acid (VA), resveratrol (RS), trans-stilbene (T-SB), gallic acid (GA) and catechin (CAT) standards were purchased from Sigma Aldrich, USA. All chemicals used in the study were either AR grade or extra pure.
Optimization of ultrasound-assisted extraction
Sample preparation
WMB was grounded and passed through a 60 mesh sieve to obtain uniform particle size flour. The grounded flour was stored in an airtight container under refrigerated condition for further analysis.
Ultrasound-assisted extraction
Polyphenols from WMB flour were extracted using ultrasonic bath along with pulse sweep energy (USC-100, Titus) at 40 kHz. Extraction of WMB flour (1 g) in 40 ml of different solvents for required time-temperature combination as suggested by CCFCD of RSM was done (Table S1-S5) . The mixture was centrifuged at 4000g for 5 min and supernatant was concentrated at 40°C using a rotary evaporator and the residue was re-suspended with 5 ml of methanol (80 % v/v) . All extracts were kept in amber coloured vials under refrigerated conditions until further analysis of total antioxidant activity as a response variable.
Total antioxidant activity (TAA)
TAA was evaluated by phosphor-molybdenum method (Prieto et al. 1999) . Ascorbic acid was used as standard curve and results were expressed as lmol ascorbic acid equivalents per gram of sample (lmol AAE/g).
Preliminary experiment
The four extraction solvents (acetone, ethanol, methanol and water) were selected to find out the optimized conditions for extraction of polyphenols. The experimental range of these solvent concentrations was determined using one factor design. WMB flour (1 g) was subjected to the ultrasound extraction of polyphenols by using 40 ml of different organic solvents (acetone, ethanol and methanol) in range of 5-100 % (% v/v; solvent/water) at 50°C for 65 min. Subsequently, the solvent concentration of 30-90 %, 10-40 % and 5-35 % v/v for acetone, ethanol and methanol, respectively was selected on the basis of maximum TAA detected. Distilled water (100 %) was also evaluated for extraction of polyphenols. Extraction temperature (ET) ranged from 40 to 60°C was selected since this range was proven to be the best for obtaining maximum TAA by using various solvents (Liyana-Pathirana and Shahidi 2005; Dent et al. 2015) . In last step, a series of extraction were also performed for the duration of 10-300 min at 50°C to find the best extraction duration (ED). The ED ranged from 40 to 120 min, 30 to 90 min, 30 to 90 min and 120 to 240 min, respectively, for acetone, ethanol, methanol and water was selected.
Experimental design
After evaluating the preliminary experimental range of extraction variables, CCFCD of RSM was used for optimizing three independent variables i.e. solvent concentration (% v/v), ET (°C), and ED (min) with the specific ranges (Table S1 ) to evaluate the TAA as a response variable. The coded and corresponding actual values were used to determine the actual levels of variables with 20 experiments for acetone, ethanol and methanol models and 13 experiments for water model as given in Table S2 -S5.
Optimization and validation of the model 'Design expert software (version 8.0.7.1, Stat-Ease, Inc., Minneapolis, MN) was used for regression and graphical analysis of the data obtained. The optimum values of the selected independent variables were obtained by using ANOVA, regression equation and response surface contour plots. The experiments were performed in triplicate at suggested optimized conditions to validate the models. The obtained experimental values were compared with theoretically predicted values to verify the prediction power of models.
Comparison of UAE with CSE method
The cotyledon and hull mix were obtained after de-hulling of WMB followed by grinding into flour (60 mesh). The UAE of WMB, hull and cotyledon flour was done by using optimum conditions obtained in previous section for all models. In CSE method, the optimum conditions were used without ultrasound to extract polyphenols from WMB, hull and cotyledon flour.
Analysis of polyphenols
TPC of different extracts was determined by using folinciocalteu assay (Velioglu et al. 1998) . Gallic acid was used as calibration standard and results were calculated as mg of gallic acid equivalents per gram of sample (mg GAE/g).
TFC of different extracts was determined using colorimetric method as described by Chang et al. (2002) . Quercetin was used as a standard compound to construct a standard curve and results were expressed as Quercetin equivalent (mg QE/g sample).
HPLC analysis
Individual polyphenols of different extracts obtained from WMB, hull and cotyledon flour were quantified by using High Performance Liquid chromatography (Model: 1260 infinity, Agilent Technologies, USA) equipped with diode array detector (DAD), quadratic pump and auto-sampler. The separation was carried out by using zorbax 300SB C18 reverse phase column (4.6 mm 9 150 mm, 5 lm particle size) at 35°C. The extracts were pre-filtered using a 0.22 lm membrane and 5 ll of sample volume was injected into the HPLC system. The mobile phase consisted of two solvents: HPLC grade water acidified with 0.1 % acetic acid (A) and 100 % HPLC grade acetonitrile (B). The solvent gradient in volume ratios was as follows: 2 % (B) at 0 min,; increased 2 % B to 40 % B in 0-20 min, then it was increased to 100 % (B) in 20-25 min and decreased to 5 % (B) in 25-30 min at 0.8 ml/min flow rate. The photodiode array detector was operated at multiple wavelengths ranging from 190 to 800 nm for acquiring the spectra. The individual polyphenols were identified by comparing retention times (t R ) and UV spectra of the unknowns with the standards and quantified from peak area at 280 nm. The standards used for identification were GA, FA, CAT, p-CoA, CA, SA, CHA, QE, LU, PCA, VA, RS and T-SB.
Analysis of antioxidant activity
TAA of different extracts was evaluated as reported earlier.
The FRP of different extracts was determined using colorimetric method as described by Oyaizu (1986) . Ascorbic acid was used as standard and the reducing power was expressed as lmol ascorbic acid equivalents per gram (lmol AAE/g). DPPH radical scavenging activity of different extracts was estimated by using colorimetric method as described by Brand-Williams et al. (1995) . The results were expressed in percentage reduction (%).
Statistical analysis
All values were expressed as mean ± standard deviation. Statistical analysis was performed by using Minitab Statistical Software (MINITAB Ò v 14.12.0, State College, PA) and Tukey Honest Significant Differences test was used to determine the significant differences between group means at p \ 0.05. The correlation between the variables was determined by Pearson correlation test.
Results and discussion
Optimization of ultrasound-assisted extraction
Modelling and fitting the model Experimental and predicted TAA of WMB is reported in Table S6 . Experimental and predicted values indicated that models developed for different solvents were appropriate. ANOVA showed that TAA data best fitted with quadratic polynomial models for all the solvents (Table S7 ). The regression coefficients of the linear, quadratic and interaction terms of all solvent models are reported in Table S8 . All the models directly correlated with the measured data and were statistically significant. High R 2 values ([97 %), insignificant lack-of-fit (p [ 0.05) and adjusted R 2 close to R 2 indicated that the models were appropriate and can be used for efficient extraction of polyphenols.
Acetone, ethanol and methanol concentration was observed to be the major factor influencing TAA, both in linear and quadratic terms (Table S8) . TAA increased with increase in the acetone, ethanol and methanol concentration up to 50.47, 26.53 and 22.98 % v/v, respectively, but, further increase in concentration caused the negative effect ( Fig. 1a-f ). This was consistent with earlier findings (Dahmoune et al. 2015; Liyana-Pathirana and Shahidi 2005) . Water resulted into increase in polarity of the solvents and surface area of cell material due to the swelling that may have resulted into more extraction of polyphenols (Singh et al. 2012; Tan et al. 2013 ). The results reflected that the aqueous solvents were better for extraction of antioxidant compounds than pure solvents and greatly depended upon polarity of solvent.
ET showed a highly significant effect on TAA in linear terms, for acetone, methanol and water models followed by ethanol model (Table S8 ). TAA increased with increasing the ET up to 56°C for acetone model (Fig. 1a) and up to 54°C for ethanol and methanol models (Fig. 1b, c) . This was followed by a decrease in TAA. Solubility and diffusion rate of polyphenols may be increased with increase in temperature due to decrease in viscosity of extraction solvent followed by possible loss due to decomposition. (Singh et al. 2012; Bi et al. 2013; Carciochi et al. 2014) . TAA for water model was maximum (39.48 lmol AAE/g) at 60°C which may be due to more extraction of thermally stable polyphenols (Singh et al. 2012 ). ET showed highly significant effect in quadratic term on TAA for methanol model followed by acetone model. Ethanol and water models showed less pronounced quadratic effect of ET on TAA (Table S8) .
ED showed the highly significant linear and quadratic effect, for water model and linear effect for acetone model on TAA (Table S8 ). ED showed only linear effect on TAA for methanol model (Table S8) . TAA increase with increase in ED up to 71 min and 196 min, respectively in ethanol and water models, followed by a decline (Fig. 2b, d ). Lower yield during extraction at higher temperature for prolonged duration may be associated with polymerization or degradation of thermal sensitive polyphenols (Liyana-Pathirana and Shahidi 2005; Dent et al. 2015; Parmar et al. 2016) . Acetone and methanol models exhibited the positive relationship between TAA and ED with the highest TAA at maximum ED (Fig. 2a, c) . Among various models studied, solvent concentration and ET interaction effect on TAA for methanol was significant. While ET and ED interaction effect on TAA was significantly higher for acetone model followed by ethanol and water models.
Optimization and validation of the models
The optimum UAE conditions of TAA for different models are given in Table 1 . Experimental values were very close to the predicted values which indicated that models developed were appropriate. The highest TAA was found for acetone (51.93 ± 0.60 lmol AAE/g) followed by ethanol (47.45 ± 0.85 lmol AAE/g), methanol (44.67 ± 0.69 lmol AAE/g) and water (37.55 ± 0.74 lmol AAE/g) ( Table 1) .
Comparison of UAE with CSE method
The efficiency of UAE for extraction of polyphenols from WMB, hull and cotyledons was compared with CSE on the basis of TPC, TFC, TAA, FRP, and DPPH radical scavenging activity (Table 2 ). TPC and TFC of WMB and fractions of different solvents were higher for UAE as compared to CSE ( Table 2 ). The higher extraction of polyphenols with ultrasound treatment may be associated with breakdown of mung bean cell walls into small fragments due to the cavitation power of ultrasound (Kanatt et al. 2011) .
TPC
TPC of WMB, hull and cotyledon differed significantly (Table 2) . ANOVA showed significant differences between fractionations, solvents and treatment on TPC (Table S9) . Ultrasound treated WMB and fractions showed higher TPC as compared to conventional extraction. Ultrasonic extraction showed an increase in TPC to the extent between 11.58 and 99 % for hull, 35.43 and 71.18 % for cotyledon and 5.44 and 59.13 % for WMB in comparison to similar extract of CSE. Different solvent extracts showed that TPC ranged from 16.05 ± 0.47 to 79.65 ± 0.83 mg GAE/g for hull, 7.62 ± 0.30 to 15.33 ± 0.71 mg GAE/g for cotyledon and 14.06 ± 0.55 to 31.31 ± 0.68 mg GAE/g for WMB. Hull showed significantly higher TPC as compared to cotyledon and WMB, consistent with earlier results reported by Luo et al. (2016) . CSE of extracts from WMB and cotyledon using different solvents did not show significant variation in TPC. Acetone extract with UAE showed higher TPC as compared to other which is shown in boxplot (Fig. S1) . TPC of both WMB and fractions extracts obtained using water was significantly lower than that of organic solvent extracts. 
TFC
Mung bean fractions had highly significant effect on TFC followed by treatment and solvents (Table S9) . TFC for hull extracted with different solvents was higher than cotyledon (Luo et al. 2016 ). Solvents did not show significant effect on TFC for cotyledon. TFC of WMB and fractions extracted with ultrasound treatment was higher as (Table 2 ). Like TPC, different extracts showed the lower TFC when extracted using water. Boxplot clearly shows that water was poor solvent for flavonoids extraction (Fig. S1) . The results reflected that hull contained higher polyphenols and acetone was the best solvent for their extraction.
Phenolic compounds
Polyphenolic profile of WMB and fractions extracted using different solvents under conventional and ultrasonic treatments is reported in Table 3 and Fig. 3 .
Hydroxybenzoic acid derivatives
The hydroxybenzoic acid viz. GA, PCA, CHA and VA showed t R of 2.20 ± 0.02 min, 2.52 ± 0.04 min, 7.16 ± 0.1 min and 9.28 ± 0.04 min, respectively. Both CSE and UAE treated extracts showed GA, PCA, CHA and VA content in range from 29.68 ± 0.68 to 84.29 ± 0.76 lg/ g, 411.22 ± 1.64 to 3414.40 ± 2.80 lg/g, 57.39 ± 1.06 to 142.43 ± 1.02 lg/g, and 0.84 ± 0.01 to 40.30 ± 0.25 lg/ g, respectively (Table 3) . ANOVA results revealed highly significant variation of GA, PCA, CHA and VA between fractions, solvents and treatment. GA varied highly with treatment followed by fraction and solvents. VA and CHA showed the highest difference among fractions followed by treatment and solvents (Table S10) . Ultrasound treated mung bean fractions showed higher GA content than CSE. GA content was increased between 5.51 and 62.79 % in ultrasound treated extracts. Ultrasonic treated hull showed that the highest extraction of GA in acetone (61.68 ± 0.98 lg/g) followed by methanol (57.11 ± 0.85 lg/g), ethanol (53.69 ± 0.71 lg/g) and water (47.78 ± 0.61 lg/g). Cotyledon and WMB methanol extract using ultrasound showed the higher GA (52.52 ± 0.53 lg/g and 84.29 ± 0.76 lg/g, respectively) than other solvents (water, ethanol and acetone). Hull extract of acetone showed an increase in PCA content with ultrasound treatment, whereas, reduction was recorded for hull extracts of ethanol and methanol as compared to similar extract from CSE. The highest PCA content (3414.40 ± 2.80 lg/g) was observed in ultrasonic treated WMB extract of acetone followed by conventionally extracted cotyledon acetone extract (2287.71 ± 1.91 lg/ g). CHA content was differentially modulated by different solvents and treatments in different fractions. Hull acetone extraction using ultrasound reported the highest CHA Table 2 Total phenolic content (TPC), total flavonoids content (TFC), total antioxidant activity (TAA), ferric reducing power (FRP), DPPH radical scavenging activity of the extracts using different solvents Solvent (Table 3) . Different fractions showed lower CA content than other hydroxycinnamic acid derivatives (Table 3) . ANOVA results showed that CA varied significantly amongst solvents, fractions and treatment (Table S10) . A significant increase in CA was observed with ultrasound treatment in hull extracts of acetone, methanol and water. The ultrasound treatment increased the CA content of cotyledon extract of acetone and ethanol, whereas, a decrease was recorded in cotyledon extract of methanol and water. p-CoA content was highest for ultrasound treated hull extract of acetone and water. Ultrasound treated hull extract of ethanol showed a decrease in p-CoA as compared to similar extract of CSE which may be due to either degradation of p-CoA or decrease in solubility of p-CoA in ethanol. Cotyledon ethanol, methanol and water extracts also showed decrease in p-CoA as compared to similar extract of CSE. The higher amount of p-CoA in mung bean was also reported by Yao et al. (2013) . WMB acetone and ethanol extracts had the highest p-CoA content followed by methanol and water extracts. FA and SA varied significantly amongst solvents, fractions and treatment. Fraction showed the highest variations in both phenolic acids (Table S10 ). The highest FA and SA content was found in hull followed by WMB and cotyledon. Ultrasound treated hull acetone, methanol and water extracts showed higher FA and SA content as compared to similar extract of CSE. UAE treated hull acetone extract contained the highest FA (634.54 ± 1.81 lg/g), SA (3258.62 ± 27.66 lg/g), CA (66.24 ± 0.08 lg/g) and p-CoA (326.91 ± 0.25 lg/g) content. Hence, results clearly indicated that hull contained the maximum amount of hydroxylcinnamic phenolic acids and acetone was found to be the best solvent for extraction of hydroxylcinnamic phenolic acids in combination with ultrasound.
Flavonoids and stilbene
The flavonoids viz. CAT, QE, and LU showed t R of 5.8 ± 0.2 min, 16.27 ± 0.06 min, and 16.37 ± 0.05 min, respectively and stilbene viz. RS and T-SB at 14.56 ± 0.02 min and 26.25 ± 0.03 min respectively. QE, LU, CAT and RS varied significantly between fraction and treatment whereas, solvent showed less pronounced effect. RS varied significantly with fraction followed by solvents and treatment. QE and CAT varied significantly with fraction and treatment followed by solvents, whereas, LU did not show variation among solvents (Table S10) . Different fractions ultrasonically extracted with different solvent contained higher QE, CAT, LU and RS content as compared to CSE, whereas, T-SB was increased only in ultrasound treated acetone extract of hull and cotyledon but reduction was recorded in all other extracts. QE and LU ranged from 1.10 ± 0.10 to 37.02 ± 0.72 lg/g and 1275.65 ± 0.38 to 1290.77 ± 0.21 lg/g, respectively, in various extracts of different fractions, whereas, CAT (2.69 ± 0.24-49.94 ± 0.76 lg/g) was detected only in hull and WMB (Table 3) . Ultrasound treated hull acetone extract showed the highest QE content, whereas, LU content was the highest in ultrasound treated hull water extract. RS and T-SB content ranged from 6.81 ± 0.18 to 30.58 ± 0.61 lg/g and 57.20 ± 0.15-212.31 ± 0.65 lg/g, respectively, in various extracts of different fractions were present (Table 3) . The highest RS and T-SB was found in hull followed by WMB and cotyledon. The highest RS content was present in ultrasound treated hull extract of acetone. The higher T-SB content was recorded in conventionally extracted hull water extract as compared to UAE which indicated that ultrasound caused the negative effect on T-SB.
Antioxidant activity
Antioxidant activity of different mung bean fractions determined using TAA, FRP and DPPH radical scavenging activity varied significantly (Table 2) . ANOVA results showed significant difference of antioxidant activity (TAA, FRP and DPPH) between fractions, solvents and treatments. Solvents showed more pronouced effect on FRP followed by TAA and DPPH, whereas, treatment had the highest significant effect on DPPH and the lowest on FRP (Table S9) . Ultrasound treatment increased the antioxidant activity which may be attributable to a higher amount of polyphenols extraction. TAA, FRP and DPPH radical scavenging activity were highly correlated with TPC and TFC. These results clearly indicated that the antioxidant activity is directly associated with TPC and TFC. This implied that an extract with higher TPC and TFC showed higher antioxidant activity and vice versa.
Hull exhibited the highest antioxidant activity followed by WMB and cotyledons. Kanatt et al. (2011) and Madhujith and Shahidi 2006 also demonstrated that hull of mung bean had higher antioxidant activity as compared to that from cotyledon. Hull extracted with acetone using ultrasonic treatment showed higher TAA (98.85 ± 0.73 lmol AAE/g), FRP (57.11 ± 0.74 lmol AAE/g) and DPPH radical scavenging activity (86.31 ± 0.57 %) as compared to other solvents. The high phenolic content and DPPH scavenging activity of mung bean hull as compared to cotyledon was also reported by Kanatt et al. (2011) . TAA and DPPH radical scavenging activity of hull extracted using ethanol and methanol varied insignificantly for both UAE and CSE methods, whereas, FRP had significantly different electron donor properties to neutralize free radicals by forming stable products in both solvents. Acetone, ethanol and methanol extraction of cotyledons showed the highest value of TAA (43.01 ± 0.79 lmol AAE/g), FRP (11.30 ± 0.42 lmol AAE/g) and DPPH radical scavenging activity (36.49 ± 0.48 %), respectively. Yao et al. (2013) and Ramesh et al. (2011) also reported the DPPH scavenging activity of mung bean. Acetone extract of WMB showed the highest TAA (51.93 ± 0.60 lmol AAE/g) and DPPH radical scavenging activity (65.27 ± 0.35 %), whereas, ethnaol had the highest FRP (15.07 ± 0.49 lmol AAE/g) value when compared with methanol and water extracts. This might be due to qualitative and quantitative variation of polyphenols with different solvents, thus, they have different free radical scavenging capacity. Different acetone extracts showed that TAA and FRP were highly correlated with different polyphenols except PCA and T-SB, whereas, DPPH did not show significant correlation with PCA, T-SB and CHA. Different ethanol extracts showed that TAA and FRP were highly correlated with different polyphenols except GA, VA and T-SB, whereas, GA, VA, CHA and T-SB did not show any correlation with DPPH. Methanol and water extracts showed that GA, PCA, CA, VA and TSB contribute minimum to TAA, FRP and DPPH.
b Fig. 3 HPLC chromatograms of hull, cotyledons and whole mung bean at 280 nm wavelength. The peaks correspond to: 1 gallic acid; 2 protocatechuic acid; 3 catechin; 4 chlorogenic acid; 5 caffeic acid; 6 vanillic acid; 7 p-coumaric acid; 8 ferulic acid; 9 sinapic acid; 10 resveratrol; 11 quercetin; 12 luteolin; 13 trans-stilbene; UAE ultrasound assisted extraction; CSE conventional solvent extraction
Conclusion
UAE was more efficient than CSE to extract polyphenols from different fraction of mung bean. Hull contained more polyphenols than cotyledon which contributed more antioixdant activity. Acetone was the best solvent to extract polyphenols. GA, PCA, CHA, VA, CA, p-CoA, FA, SA, CAT, QE, LU, and T-SB were present in WMB and fractions. Hydroxycinnamic phenolic acid was present in the highest amount followed by hydroxybenzoic phenolic acid, whereas, flavonoids and stilbene were observed to be the lowest.
